Abstract: The synthesis of heteroatom analogues of the cyclopentadienyla nion Cp À is af ascinating and challenging field of research. The replacement of methine moieties by phosphorusi sw ell investigated for the synthesis of mono-,t ri-and pentaphospholyl ligands. On the other hand, arsenic derivativesa re rare and 1,2,4-triarsolyl and tetraarsolyl salts are unknown. Herein, we report on the synthesis of Cs[E 3 C 2 (trip) 2 ]( 1a:E = P; 1b:E = As;t rip = 2,4,6-triisopropylphenyl) and Cs[E 4 C(trip)] (2a:E = P; 2b: E = As). Compound 1b represents the first 1,2,4-triarsolyl and 2b the first tetraarsolyl anion.A ll salts are obtained in one-pots yntheses using E(SiMe 3 ) 3 ,2 ,4,6-triisopropylbenzoyl chloride andC sF.T he products 1a·2 C 4 H 8 O 2 , 2a·Et 2 Oa nd 2b·3 C 4 H 8 O 2 were characterizedb yX -ray structurala nalysis, which revealed planar heterocycles. Nucleus-independent chemical shifts (NICS) confirmed the aromaticity of these anions. Notably, compound 2a·Et 2 Oi so nly the second tetraphospholyll igand which is structurally characterized.
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According to the NobelP rize lecture of Roald Hoffmann in 1981, [1] the isolobal analogy builds bridges between organometallic, organic and inorganic chemistry.T odate, the substitution of CH x (x = 1, 2, 3) units by heteroatoms is of speciali nterest in the fundamentalr esearch of all theses ubfields. In particular, the incorporation of group 15 elements in aromatic molecules is af ascinating area. For example,r eplacement of methine groups in the cyclopentadienyl anion Cp À by phosphorus or arsenic leads to the class of phospholyl and arsolyl rings [E n (CR) 5 -n ]( E= P, As; n = 1-5), respectively ( Figure 1 ). The monosubstituted derivatives I are well known and were intensively studied for both, Pa nd As.
[2] The all-pnictogen analogue VI is mostly observed in metallocenes and triple decker complexes by co-thermolysis of the molecular allotropes P 4 and As 4 ,r espectively, with transition metal precursor complexes.
[3] The substituent-free ring P 5 À is far more difficult to handle, though it iss table in solution. [3d, 4] Recently,C ummins et al. were able to synthesizet he sodium salt of the free diphosphatriazolate anion P 2 N 3 À . [5] On the other hand, numerous investigations for the 1,2,4-triphospholyl ligand III [6] and at least af ew for the 1,3-diphospholyl derivative II have been reported, [6f, 7] whereby their syntheses mostly starte ither from phospha-alkenes or -alkynes. Due to the lower stability of AsÀCm ultiple bonds,c ompounds of type II and III are not yet knownf or the heavierhomologue arsenic. Similar synthetic approacheso nly result in the formationo ft he [As(CtBu)] 4 cubane. [8] Only the mixedh eterocycle [AsP 2 (CtBu) 2 ] À is known, [9] with structural characterization being madep ossible through coordination to aW (CO) 5 fragment in [CpFe{AsP 2 (CtBu) 2 }W(CO) 5 ]. [10] Different approaches are needed for the synthesis of the also very rare 1,2,3-isomers IV,t hat is, startingf rom phosphines [11] or reactions of alkynes either with P 4 butterfly complexes [12] or with the Zintl anions [ E 7 ] 3À (E = P, As).
[13] The latter route yieldst he only example knowno fa n 1,2,3-triarsolyl ligand.T he lowest number of publications can be found for the derivative V,t he nitrogen derivativeso fw hich are high-performing energetic materials. [14] However, type V is unknownf or E = As, and only two structurally characterized complexes are reported for E = P . [6b, 15] Ionkine tal. introduced at hree-component reaction of CsF,P (SiMe 3 ) 3 and 2,4,6-tri-tertbutylbenzoyl chloride yieldingamixture of Cs[1,2,4-P 3 C 2 Mes* 2 ] and Cs [P 4 CMes*] (Mes* = 2,4,6-tri-tert-butylphenyl), both stabilized by bulky supermesityl groups. [6b, 16] Since no intermediates have to be isolated using this one-pot reaction, this strategy seemspromising for the synthesis of the correspondingarsenic analogue. Furthermore, we were interested in the transfer of this syntheticr oute to slightly smaller Rg roups, such as the triisopropylphenyl (trip) derivative.
Herein we report on the synthesis of Cs[E 3 C 2 (trip) 2 ]( 1a:E= P; 1b:E = As;t rip = 2,4,6-triisopropylphenyl) and Cs[E 4 C(trip)] (2a:E = P; 2b:E = As). Thereby compound 1b displays the first 1,2,4-triarsolyl ligand and 2b the first tetraarsolyl ligand, both fill significant gaps in the series of arsenic-containing analogueso ft he cyclopentadienyl anion.F urthermore,t he salts 2016 The Authors. Published by Wiley-VCH Verlag GmbH&Co. KGaA. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, whichpermitsu se and distribution in any medium, provided the originalw ork is properly cited, the use is non-commercial and no modifications or adaptations are made.
1a·2 C 4 H 8 O 2 , 2a·Et 2 Oa nd 2b·3 C 4 H 8 O 2 could also be characterized by X-ray structuralanalysis.
Following the synthetic route for the preparation of Cs[P 3 C 2 Mes* 2 ]a nd Cs[P 4 CMes*],2 ,4,6-triisopropylbenzoyl chloride bearing the smaller trip substituent was treated with P(SiMe 3 ) 3 and CsF in 1,4-dioxane (Scheme 1). Alreadyw hile combining the reagents, the colorless solutionsb ecame yellow-orange and, when refluxing, ad arkening to deep red with turbidityw as observed.
The reaction progress can easily be monitored by NMR spectroscopy. After one day,t he 31 P{ 1 H} NMR spectrum of the reaction mixture showed three main signals corresponding to P(SiMe 3 ) 3 , 1a and 2a in the ratio 2:2:1. In the corresponding spectrum after three days of reflux the ratio was determined to be 1.1:1.8:1. After seven days of reflux the intensity of the signal of P(SiMe 3 ) 3 still decreased, however signals appeared that could be assigned to byproducts according to reference [6b] .T he ratio 1a/2a= 1.8:1 remained constant at this stage. After filtration of the hot solution,s eparation of 1a and 2a was achieved by fractional crystallization, since the solubility of 2a containing only one trip ligand in dioxanew as lower compared to 1a (for details see the Supporting Information). By this method, pure 1a (thirdc rop of crystals) and pure 2a (first crop of crystals) can be isolated in yields of 15 and 4%,r espectively.T aking also the second crop of crystalsi nto account, which consists of am ixture of both, the overall yield amounts to 16 %f or 1a and 12 %f or 2a,w hich is usual for this kindo f reactioni nh ighb oiling solvents. However,t he separationp rocedure is very sensitive to the concentration, temperature and diffusion time, and hence often recrystallization is required. [16] Both compounds 1a and 2a have good solubility in donor solvents such as dioxane, DME, CH 3 CN and THF. In contrast, they are only poorly soluble in nonpolar solvents such as toluene and hexane. À ,w ere also detected in the negative ion ESI-MS spectrum.
This one-pot synthesis was subsequently extendedt or eactions with As(SiMe 3 ) 3 as the starting material. The addition of CsF to as olution of As(SiMe 3 ) 3 in 1,4-dioxane immediately leads to av ery dark, almostb lack slurry suspension. After adding as olution of triisopropylbenzoyl chloride in the same solventand refluxing for 1.5 hthe color of the reaction mixture changed to deep red, as observed in the synthesis of 1a and 2a.I nt he 1 HNMR spectrum of the reactionm ixture several overlapping sets of signals corresponding to the trip ligand (one big and some smaller ones) as well as of the protons of As(SiMe 3 ) 3 are recorded, hence ar eliable statement of the ratio of the formed products cannotb em ade. After six days of reflux the same work-up strategy like for the phosphorusd erivatives 1a and 2a was performed, and several crops of crystals were obtained (for detailssee the SupportingI nformation). Unfortunately,afractional crystallization of 1b and 2b was only partially successful. Pure 1b cannot be obtained and 2b contained very minor impurities of 1b (see the Supporting Information). The majority of the first crop of crystals consisted of yellow rods, the X-ray structural characterization of which revealed the first tetraarsolyl anion 2b (vide infra). In addition, as mall amount of ab eige microcrystalline powder waso b- Figure 1 . Selectedtypeso fphospholyl (E = P) and arsolyl (E = As) rings.
Scheme1.Synthesis of 1a and 1b and 2a and 2b.
Chem. Eur.J. 2016, 22,1944 -1948 www.chemeurj.org 2016 The Authors. Published by Wiley-VCH Verlag GmbH &Co. KGaA, Weinheim tained. Subsequently,t he mother liquor was decanted and the solid (crystals and powder) was dissolved in CD 3 CN. The main signals in the recorded 1 HNMR spectrum were assigned to the trip ligand of 2b considering almostidenticalchemical shifts in comparison to 2a.I na ddition, two small sets of signals (intensity 10 %) for the trip ligand with an integral ratio of 1:1 appear,t hough partially overlapping. These indicatet he presence of the triarsolyl ligand 1b.Afurther clear hint is the negative ion ESI-MS spectrum of every crop of crystals, which always shows peaks at m/z 514.9 and 655.2, that can be assigned to [As 4 C(trip)]
À and[ As 3 C 2 (trip) 2 ] À ,r espectively.T aking this molar ratio (determined by 1 HNMR spectroscopy :1 0% of 1b,9 0% of 2b)i nto account, the yield of the isolated crystals amountst o3 3%,w hich is even slightly better than for the phosphorus derivatives.
Hence it can be stated that the one-pot route described above can also be transferred for the synthesis of atri-and tetraarsolyl ligand, thoughw ith 2b as main product besides as mall amount of 1b.
Compound 1a·2 C 4 H 8 O 2 crystallizes as yellow prisms in the triclinic space group P1 .I ts structural analysisr eveals ap lanar (deviation 0.009(2) )f ive-membered P 3 C 2 -ring with PÀCa nd PÀPd istances of 1.733(3)-1.743(3) and 2.108(1) ,r espectively ( Figure 2a) . Both values are in the middle range between as ingle andadouble bond, [17] supporting the aromaticity of these systems. Twod ioxanem olecules show h 1 -coordination to the cesium cation with bond lengths of 3.039(2) and 3.100(3) ,r espectively.C s···H interactions with the iPr ligands of both the corresponding andt he adjacent ring (3.265(1)-3.709(1) )w ere also observed. Surprisingly, cesium is also h 6 coordinated by ap henylr ing of the trip ligand with distances of 3.304(1) and 3.298 (1) .T his could not be observedi nt he Mes* derivative.
[6b] Furthermore, short PÀCs distances to the isolated phosphorus atom of the ring (3.795(1) and 3.809(1) ) as well as to aPatom of the P 2 "dumbbell" of the neighboring anion (3.623(1) and 3.634(1) )c an be observed. This high coordination number of Cs leads to a2 Dp olymeric structure of this salt, whereas Cs[P 3 C 2 Mes* 2 ]i sd escribed as a1 Dchain. [6b] In contrast, the same crystallization procedure for 2a only leads to crystalsofinsufficient quality for X-ray structural analysis. Gratifyingly,c ooling as olution of 2a in Et 2 Ot urned out to be beneficial. Using this method, compound 2a crystallized in the monoclinic space group C2/c as Et 2 Os olvate. The central structural motif is afive-membered P 4 Cring that shows aslightly stronger deviation of 0.024(3) from planarity than the P 3 C 2 ligand in 1a·2 C 4 H 8 O 2 (Figure 2b ). Compared to 1a·2 C 4 H 8 O 2 , the PÀPd istances in 2a·Et 2 Oa re slightly shorter (2.087(3)-2.102(3) ), whereas the PÀCb ond lengths are somewhat elongated (1.742(7)-1.753 (7) ). The coordination sphereo fC si s different,i n2a·Et 2 Oi ti ncludes a h 1 coordinationo ft he 1,4-dioxane ligand (3.042(5)-3.075(6) )a nd of aPatom (3.651(2)-3.695(2) ), respectively,a sw ell as short distances to three hydrogen atoms of one iPr substituent (3.051(1)-3.459 (1) ). Furthermore, in contrast to the h 6 coordination of Cs to the phenylr ing in 1a·2 C 4 H 8 O 2 ,i n2a·Et 2 Oah 5 coordination to the central cyclo-P 4 Cm oiety is observed (3.591(1)-3.683 (1) ). Such a h 5 interaction is also found in [Cp 3 Cs 2 ] À , [18] however not in the cesium salts of the phospholyl derivatives obtained by Ionkin et al. [6b] Similarly to 1a·2 C 4 H 8 O 2 ,t he tendency of Cs + to form polymeric aggregates can also be observedi n2a·Et 2 O forming 2D layers in the solid state. In addition to Cs[P 4 CMes*], compound 2a·Et 2 Oi st he second example of as tructurally characterized tetraphospholyl salt. It is interesting to note that the group of Baudlerh as reported evidence of [P 4 CH] À ,y et only based on NMR spectroscopy. [19] Yellow needles of 2b·3 C 4 H 8 O 2 are obtained by cooling ah ot solution of 2b in dioxane. Compound 2b·3 C 4 H 8 O 2 crystallizes in the triclinic space group P1 and its X-ray structural analysis reveals ap lanar As 4 Cr ing with as imilar deviation value of 0.022(3) compared to 2a·Et 2 O( 0.024(3) ;F igure 3). Nearly equal AsÀCb ond lengths of 1.857(14)a nd 1.859(16) are found, whereas the AsÀAs distances can be subdivided in two longer ones (2.310(2) and 2.311(2) )a nd one shorter value of 2.287(3) for the bond opposite to the carbon atom. These distances are shorter than the average AsÀAs bond length of 2.327(6) in the cyclo-As 5 ligand of the sandwich complex [3c] However,a ll AsÀAs and AsÀ Cd istances in 2b·3 C 4 H 8 O 2 are between as ingle and ad ouble bond. [17] Again, the Cs + cation shows ad ifferent environment, in 2b·3 C 4 H 8 O 2 it coordinates four dioxanel igands (3.025(9)-52(9) )a nd shows one relatively short AsÀCs contact of 3.873(2) .I n2b·3 C 4 H 8 O 2 ,t wo dioxanem olecules bridge two Cs + cations and therefore again aggregation is found in two directions in the solid state. Chem. Eur.J. 2016, 22,1944 -1948 www.chemeurj.org 2016 The Authors. Published by Wiley-VCH Verlag GmbH &Co. KGaA, Weinheim In order to verify the aromatic character,t he nucleus-independentc hemical shifts (NICS) [20] were calculated for the[ 1,2,4-P 3 C 2 (trip) 2 ]
À and [E 4 C(trip)] À (E = P, As) anions. TheN ICS values show that the phospholyl and arsolyl derivatives have an aromatic character,w hichi so nly slightly lower than that of the cyclopentadienide anion. Their high p-aromaticity is reflected in the highn egative NICS(1) zz values (see the SupportingI nformation).M oreover, the presence of a p-system is obvious by the inspection of the frontier molecular orbitals (see the Supporting Information).
In summary,ao ne-potm ethod was successfully appliedt o the synthesis of the [1,2,4-P 3 C 2 (trip) 2 ]
À and[ P 4 C(trip)] À anions containing the 2,4,6-triisopropylphenyll igand.T he cesium salts of the 1,2,4-triphospholyl substituent (1a)a sw ell as the tetraphospholyl ligand (2a)w eres uccessfully separated from each other by fractional crystallization and werei solated as dioxane solvates.T his synthetic approachi sa lso applicable for the synthesis of the respective arsenic derivatives Cs[1,2,4-As 3 C 2 (trip) 2 ] (1b)a nd Cs[As 4 C(trip)] (2b). Compounds 1b and 2b are the first representatives of a1 ,2,4-triarsolyl and tetraarsolyl ligand, respectively.C ompounds 1a, 2a as well as 2b could also be structurally characterizedr evealing planar rings. The cesium cations show interactions with ap henylr ing of 1a,t he cyclo-P 4 Cu nit of 2a and an arsenic atom of 2b,r espectively.I nc ombination with bridging dioxane ligands at wo-dimensional polymerics tructure is found in all crystals. Furthermore, the NICS values reveal the aromaticity of these compounds, which is only slightly lower than that of the cyclopentadienide anion.
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